In current time the large amount of pre-stressed bridge structures is used. Their horizontal and vertical 
Introduction
Measurement of vertical displacement of building structures was usually solved by precise leveling, which has sufficient accuracy for significant determine of deformation according the standard ČSN 73 04 05. This standard is concerned with long-term displacements and the methodic respond that. Nowadays modern total station has almost the same accuracy and the measurement is faster than leveling. On the other hand, spatial polar method is more sensitive on outer conditions,especially atmospheric refraction. Therefore is still used less than leveling [6] .
Spatial polar method is used in measurement of vertical and longitudinal deformation of bridges. In [1] was used trigonometric method for the determination of longitudinal deformations with very high (sub-millimeter) accuracy. The determination of the vertical deformation from the changes of zenith angle was used in [10] , where the influence of refraction was investigated.
The results from [11] and [9] demonstrate that spatial polar method has sufficient accuracy for determining of vertical displacements of bridges respecting correct procedures suppressing the atmospheric refraction.
The measured points can be difficult to access during the measurement of deflection. Therefore new methods with passive reflection are used. Displacements with high frequency can be measured by Ground-Based (GB) radar interferometry. This new technology can be effectively used for measuring of steel bridges with high accuracy, because there is no need to stabilize and signalized the measured points [2] . GB radar interferometry can be used for concrete structures also. In this case the observed points have to be signaled by the corner reflectors. Accuracy of measurement stays still very high [8] .
Deformations of complex structures can be measured by laser scanning with advantage. This method provides large amount of data, after the statistical processing can be obtained the displacements of parts of structure. Unfortunately, the accuracy is still worse than in case of the other methods [3] .
The aim of this paper is investigating of the vertical displacements in relatively short time. The measurement has to be fast, so the spatial polar method was used. The structure was monitored for 24 hours in 24 epochs. Temperature of the air and the structure was observed during measurement. Linear dependence was expected between temperature changes and displacements with unknown time shift between temperature and structure change. The time of the experiment was chosen carefully, the weather conditions were the same several days before and after the monitoring. Temperature changed continuously during day and night period and the same periodicity was expected in displacements.
General Chabera bridge
The bridge crosses the river Elbe near the town Litoměřice in Czech Republic. The bridge ( Figure 1 and Figure 2 ) is the part of the road II/247 -connection of the industry area Prosmyky to D8 highway. The superstructure is designed as a continuous beam with box girder cross-section. Total length of the structure is 584.5 m. It is divided to 7 spans with lengths 43 + 64 + 72 + 90 + 151 + 102 + 60 m - [4] .
Material and methods
The Trimble S6 Robotic instrument (standard deviation of the horizontal direction and zenith angle measurement is σ φ = σ ζ = 0.3 mgon, standard deviation of the distance measurement is σ D = 1 mm + 1 ppm × D) with a relevant omnidirectional reflection prism was used for the measuring (on Figure 3 ). S6 is a robotic total station with automatic targeting system. Range pole has special flat heel, which ensures the same height of the target in all epochs. The bridge structure was measured by the space polar method. Automatic targeting on omnidirectional prism was used.
For deflection line time and temperature analysis it was necessary to determine its shape in time during the day. There was monitored 16 points on the left side of the main span during Atmospheric conditions during measurement were extreme and so were the expected vertical changes of the monitored points, it was good for experiment. The difference between maximum and minimum structure temperature was over 20°C. Weather conditions are summarized in Figure 4 .
The deflection line of the main span was measured by spatial polar method. There was one connecting point on the left bank of the river and two control points at the end of the bridge construction -situation during measurement is shown on Figure 5 .
The predicted displacements were less than 10 millimeters. The standard deviation of determined vertical point's displacement of 1 mm was then required, therefore the maximum horizontal distance to observed point was reduced to 80 m [7] .
Temperature of the atmosphere at various heights above the bridge was measured to verify of the refraction influence. Measurement of all points took forty minutes, so deflection line was intended in epoch every one hour, whole experiment lasts 24 hour and therefore 24 epochs were [5] . The heights of all points were calculated in local vertical datum (correction for Earth curvature was included) using simple trigonometric functions: 
Results
Vertical displacements reached values up to 10 millimeters maximally on points in the middle of the main span. Presentation of all values from all epochs would be unclear and not very interesting, only one epoch with biggest displacements is presented here for idea about their values - Table 1 . In next section the relation between displacements and temperature will be demonstrated.
Relation between displacement and temperature in the same time
First were calculated Pearson correlation coefficients between vertical displacements and temperature of air and structure in the same time. Calculation was applied only on eight points in the middle of main span, where the displacements were the biggest, all over 6 mm. The result, however, was not according to the expectations.
Correlation coefficients of these eight points are close to zero - Table 2 , therefore they was not calculated for the remaining points. Very low values of correlation coefficients were caused by unknown time shift between temperature and structure changes. The time shift is visible in Figure 6 . Extremes of both quantities are in different time -maximum of displacement is circa 5 hours after minimum of temperature. This time shift will be investigated. 
Time shift between temperature and vertical displacement
Correlation function (from correlation coefficients) was used for determination of time shift between temperature changes and displacements of structure. The displacements were measured every hour, while the temperature was monitored almost continually. Correlation coefficient was calculated with time shift from 0 to 24 hour with step 0.5 hour. The course of correlation function depending on the time shift was obtained.
For both air temperature and structure temperature were correlation functions calculated. Graphs of functions were presented in Figure 7 . These graphs are point symmetric and seem to be periodical, which corresponds to the assumptions.
The same functions are presented in Figure 8 in 3D graph. Here we can see that extremes of correlation function are greater in the middle of the main span, where displacements were greater, too. Values of correlation function in its extremes were compared with critical value of Pearson correlation coefficient - (2) . For n = 24 (24 epochs of measurement) is r k = 0, 413.
If the value of correlation function was lower than its critical value, time shift from this point was not used for next computations. Correlation coefficient was significant at all points except point 28, which is situated above the support and its displacement was very small.
In Table 3 are values of extremes of correlation function and appropriate time shift for relation with temperature of air and structure both. There are both extremes of correlation functions and appropriate time shift. The time shift from minimum of correlation function fluctuate around five hours and the time shift from maximum of correlation function around 19 hours, which is supplement to 24 hours.
The time shift from all points is very consistent. Its values fluctuate between 5 and 6 hours. Only on point 13 the time shift is 8 and a half hour. But point 13 is situated identically like point 28 above the support and maximum of correlation function only slightly outperforms the critical value. 
Conclusion
The direct correlation was found between vertical displacements and changes of both the air and structure temperature using Pearson correlation coefficient.
It was found that structure reacts to temperature changes with quite a delay. This time shift was calculated using course of the correlation function. Its values significantly outperform the critical value and are close to 1, which indicates functional dependency.
This time shift depends on the thermal transmittance of the structure and temperature difference and is not generally valid. It is necessary to consider the effect of this delay during precise measurement of bridges with large span like load tests. It may cause major inaccuracies and completely invalidate otherwise properly conducted measurement.
